Radiology in Diagnosis and Control of Surgical Treatment of Subphrenic and Liver Abscesses
The minimum number of radiographs necessary for diagnosis, all taken with the chest in the erect position, is four. These comprise posteroanterior and lateral radiographs of the chest, and postero-anterior and lateral penetrating basal ones centred on the diaphragm. The penetrating basal films are essential to elucidate changes in and below the diaphragm, and must never be omitted. On occasion additional radiological studies are useful, such as films in lateral recumbency, barium meals or pneumogastrograms to outline the stomach or colon, cholecystography or pyelography to indicate the function or position of the gall-bladder or kidney, or special studies to reveal abscesses in the liver, such as isotope scanning, hepatic arteriography or percutaneous splenic portography. Induction of pneumoperitoneum may help in chronic cases. These extra studies are rarely required except for those which demonstrate displacement of the stomach by left-sides abscesses or the colon by liver or infrahepatic abscesses. Special studies for the liver are likely to be used more frequently in the future.
Radiological changes arise in the diaphragm and in the regions above and below it. The normal diaphragm is thin and well defined, as indicated in Fig 1, in which it is delineated by a pneumoperitoneum. Subphrenic or liver abscesses cause four radiological changes in the diaphragm (Harley 1949 (Harley , 1955a (Harley , 1969 , namely elevation and loss of movement, which are well known, and, equally important but not well known, thickening and loss of definition. The diaphragm forms part of the wall of the abscess and it undergoes the expected inflammatory swelling due to congestion, cellular infiltration and cedema. Hence the increase in thickness seen radiologically. The diaphragm on the right side (Fig 2A) is normal, but on the left side ( Fig 2B) , over the abscess, it is grossly abnormal, showing the changes discussed above.
The inflammatory reaction often spreads into the diaphragmatic portion of the lung producing a nonspecific pneumonitis. This accounts for the loss of definition of the upper margin of the diaphragm overlying the abscess. This thickening and loss of definition are very characteristic. Thickening of the diaphragm can only be appreciated when its under aspect is delineated by gas in the abscess or fundus of the stomach and when its upper margin is not obscured by liquid in the pleura. Elevation, thickening and loss of definition of the diaphragm are all maximal over the abscess and enable the latter to be localized as well as diagnosed by two-plane radiography. On the lateral films the contour of the diaphragm is typical in both anteriorly and posteriorly placed abscesses. Lack of movement requires screening for its recognition. Fig 2A, B , Histological sections ofthe two sides ofthe diaphragm ofapatient who diedofmassive pulmonary embolism while her left suprahepatic subphrenic abscess was being drained. The diaphragm over the abscess (B) shows a severe inflammatory reaction affecting its whole thickness Section ofSurgery Changes above the diaphragm may be occasioned by collapse of the lower lobe, nonspecific pneumonitis, serous pleural effusion, and suppurative complications in the lung, pleura or, rarely, -in the pericardium or mediastinum. As already mentioned, the inflammation walling the abscess may spread through the diaphragm into the adjacent lung, causing nonspecific, nonsuppurative pneumonitis. This causes loss of definition of the diaphragm and mottled opacities in the lung just above it (Fig 3) . Engorgement of the subpleural blood vessels of the diaphragm accounts for the serous pleural effusion which often complicates a subphrenic or liver abscess; 1955a, b, 1969) . Although there is a free upward flow of lymph through the diaphragmatic lymphatics it is not by lymphatic spread that the chest is infected (Harley 1955b) . Fig 4 shows propyliodone (Dionosil) injected into a subphrenic drainage tube passing through a rupture of the diaphragm into the lower lobe of the lung and into the bronchial tree.
The changes which may be seen below the diaphragm are gas and a liquid level in the abscess, or displacement of viscera. The fundus of the stomach is displaced downward and inwards away from the diaphragm by left suprahepatic or passing through aperforation ofthe diaphragm into the infrahepatic abscess showing a thick ill-defined lower lobe ofthe right lung cind the bronchial tree diaphragm with nonspecific pneumonitis above it it is analogous to the synovial effusion accompanying inflammation near joints, or the cedema surrounding a boil or abscess of soft parts. The serous pleural effusion is inflammatory, but not infective, and it is not a precuisor of an empyema (Harley 1955a, b) .
Suppuration in the chest arises either by rupture of the abscess through the diaphragm into the pleura or lung, in consequence of inflammatory necrosis, or by contamination of the pleura by transpleural drainage or aspiration of the abscess, or by penetrating wounds (Harley left anterior infrahepatic abscesses. The stomach may be outlined with barium or air (pneumogastrogram). The latter is probably better because the stomach is distended to a greater extent and is more easily indentable; moreover if a perforation is present no harm will arise (Bondi & Erikson 1964 , Harley 1969 . Gaseous distension may be produced by administering a Seidlitz powder or gaseous drink, or by injecting 200 ml of air via a nasogastric tube (Baker & Beahrs 1960) . The air can be withdrawn after taking the films. Apart from displacement of the stomach the gastric air bubble may be indented on its superolateral (Rosner & Bosniak 1959 , Harley 1969 , while the air bubble in the abscess may shift with posture (Bondi & Erikson 1964 , Harley 1969 .
Drainage of either a subphrenic or liver abscess must always be controlled by two-plane serial sinograms with a water-soluble contrast medium such as propyliodone. The technique of this is important and has been detailed elsewhere (Harley 1953 (Harley , 1955a (Harley , 1969 . Sinography should be performed after 10-14 days, and subsequently at about weekly intervals. Early sinograms will show a cavity beyond the drainage tube while later on a tube track only will be seen (Fig 5) . Only then is it safe to remove the tube. To do so earlier will expose the patient to the risk of recurrence or chronicity of the abscess.
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The Bacteriology of Perihepatic and Intrahepatic Abscess Subphrenic Abscess The commonest sources of infection are in the alimentary canal, e.g. appendicitis, perforated ulcer and diverticulitis; and post-operative infection (Harley 1955) . The organisms usually reported are coliforms and, less often, staphylococci. But the variety of bacteria in subphrenic abscess is much greater than has usually been reported, because adequate anaerobic methods have not been used in the past. As in peritoneal suppuration elsewhere, it is probable that the infections are mixed, with three groups predominating: Esch. coli, aerobic and anaerobic streptococci, and Bacteroides species (Gillespie & Guy 1956) . Perhaps coliforms are the most dangerous, but the others should not be ignored.
Liver Abscess
The only common sources of infection leading to clinically evident abscess are the biliary tract and portal vein. Liver abscess has become rarer, owing to improved treatment of appendicitis, formerly a common cause.
The sources and bacteriology of liver abscess in this country are shown in a survey covering ten years' admissions to two Bristol hospitals (Butler & McCarthy 1969 ). There were 48 cases, and 2 of amoebiasis. About one-third presented acutely, following a primary condition such as cholangitis, appendicitis or diverticulitis. The others started insidiously, but probably also originated in the biliary or portal systems. Insidious onset is sometimes due to chemotherapy (Rosenberg 1968). There were 2 cases of actinomycosis, an infection that usually originates in the ileocaecal region. The bacteriology was similar to that of subphrenic abscesses (e.g. aerobic and anaerobic intestinal flora, and staphylococci) with, in addition, actinomyces and ameebwe.
Fungal infection is rare (apart from actinomycosis, which is really a bacterial infection). Symmers (1970) has collected interesting examples of fungal abscesses. Some originated from infections in the portal area, in patients who were susceptible to infection because of medical treatment. Thus, in 2 patients with unsuspected bowel carcinoma, liver abscesses were caused by yeasts which had colonized the ulcerating neoplasms; both patients had been receiving steroids, cytotoxic drugs and antibiotics for other conditions.
